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ARSTRACT

Af(cr its fly-by of lbc plmc!l Jupilcr  in 1 ‘CbI
-
Liar’y 1992, the UI ysscs spa~cmaf(  is now in a l~ig,hl  y inclined

bcliocclllric orbit lbat will bring i( above tlIc soul h polar rcgio]ls of the Sun in Scp(cmbcr  1994. I’hc high-
lalitudc phcnolncn(r  observed 10 dale Ilavc km slmngly  influenced by lhc ]lc;lr-lllillill]ll[[]  solar aclivily
conditions cncountcrcd  during (his phase of tlIc mission. ]n lalc April 1993, wbcII LJI yssm was al -29°S
hcliograpbic  lat it udc, lhc rccurrc[ll  lti@l speed solar wind stream lhal 1 I ad been observed at the location of
tbc spacccraf(  for 11 consecutive solar rota(ims rmdcrwcnt  a dramatic ckmc. ‘t’hc  wild  speed in Ihc val-
kys bclwccn  successive peaks incrcasd in zi single step from -420  km s- ‘to -560  km s-1. This cb:ingc
in solar wind  flow was accompnnicd  by the Clisappcarmce  at the spa(ccraft of Ibc map,nclic scc[or swuc-
1 ure that had been observed until [hen. Both lhcsc findings arc con~islc]lt  wilt] U I ysscs lmving  climbed
beyond the Iali{udc  of Ihc coronal strcmcr bclI in which is cmbcddcd  the l~cliospllcric  currcnl  sheet
(11(X). in its suhscqucnl  polcwar(i  joumcy,  m furlhcr  cvidcncc  for an cncountcr  wi[l] tlw 1 ICS has been
sccIl al Ulysses. Olbcr  phenomena observed include (1K cvolu[i(m  \vilb laliludc of corolaling  inlcracli(m
regions (CIRS) and lhcir influcncc on the acceleration of cmrgctic  porlicles, aIKl tlIc characicrislics of Ihc
solar wind flows cmanaling  from the south polar corimal  hole. in Ibis paprr, wc lwcscn( (Ictails  of lhc
above observations. Final] y, while Illc imlar passes of the prime mission will lake place l)car solar nlini-
mun], an cxlcndcd mission will blin.g LJlysscs back over (1IC poles nc;ir lhc maximuln of lhc ncx( cycle. A
summary of sciclllific goals for 11 I ysscs al solar maximum is .givcn.

INTROI)UCY1ON

The primary scientific objcclivc  of (1IC joint IiSA-NASA  LJlysw~, l:issic)l~  iS [O cll:~ti~ctcri~c f~~r lhc first
/Iimc lhc fields anti parliclcs in llIC inner hcliospherc  as a funclion olar la[iludc, will) particular emphasis

“~ml (hc regions above the solar Pt)lcs /1,?/. ‘1’hc Ulysses scientific  I IvcstIga(IoIls  cnc(m)pxss  s(udics of Ihc
l]cliospbcric  magnclic field, hcli[wphcric radio an(i plasIIla  waves, Ihc solar wind plasma  including its mi-
nor heavy ion conslilucnls,  solar aIId illlcrplanclary  Clwr:c(ic p;trliclcs, g:ilitCtiC cosnlic rays and liIC
anomalous cosmic ray compm)cnl. Oll)cr il)vcsl iga(ions  arc dircc(d l(Iwalds sl udics of cosmic dust and
inlcrs(cllar’  nculral gas, as well w solar x-r;~ys and cosmic gan]n);i  -ray bursts. Radio scicncc cxpcrimcnls
10 probe the solar corona and [o conducl a search for gravitational waves I)avc ~ilso been carried out. An
overview of lhc scicn(ific  invcs(igalions  is g,ivcn in Table 1.

Bccausc  dirccl injcclion inlo a solar polar orbit froll~  the fiarlh is ml fcasilk, a F t avil y-assist is required
10 achicvc  a }ligll-i;~clii]atio]~ orbit, As it rcsull, lJlysscs was lauI~cbc(l at higil spcccl mwmts  Jupiter in
October 1990, after being carried into klw-HaIlh  orbit by lhc spocc sbul(k I)iscovcry.  Following Ihc fly-
by of Jupiter in Fcbnrary  1992, the sp:i~~criift  is now wavclling S( mrthward in an c1 1 ipt ical orbit inclined al
fK12°  to the solar cqualor. In the normal opcraling  mode, dlc scicnt i fic (i at a :icquircd  by the Ulysses in-
slrumcnis  arc storccl by a [ape rccordcr  011 board the sp:lcccraft for 16 hours and downlinkcd [O the NASA
Deep Space Net work once a day togclhcr  wi(h (lIc rcwl lime d:it a duril IS m 8-hour tracking pass. The
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covcragc  to da(c has been cxccllrmt, being -97% 011 average  Over lhc 4S months since ktuncl. This data
set rcprcscnts  the most complete set of continuous interplanetary nlcasurcmcnls  ever rccordcd. Further

--- #

dclails regarding the spacecraft and its scicnt ific investigations can k found in/1/.

~’AB1  .Ij 1 The lllysscs  Scientific lnvcs(iga{ions

—.-. —
Investigut ion Acronym l’rincipal lnvesti~ator Measure:nent

Magnetic field VH M/FGM
.— .— ——————.———— —.. __—

A. Balogb, Imperial College,
1.OIKJOU  (UK)
J.L. Phillips, 1 os Alamos
Nntional 1,ab. (LISA)

J. Gcim, Univ. of Flcru (C}])
G. (iloccklcr,  Univ. of
Maryland (USA)

R.G. Stone, NASA/GSFC
(LJSA)

spa[ial  and temporal variations of tbc
bclicrspbcric  rnagnc[ic  field: 0.01 to 44(XXJ  nT
solar wind ions: 260 cV/q 1035 kcV/q;
solar wind clcchms:  0.8 [o 860 CV

clcmrmlal  & ionic-cbargc composition, Icmp.

+?+
and mean speed of solar wind irm:
145 kn)/s (}1+) (o 1350 knl/s (1’c )
plasma waves, solar mdio  bIIIsls,  clcc(rou

dcnsi(y,  clcciric field
plasmi waves: 0-60 kilz: radio: 1-940 k}lr,;
magnclic: 10-500 Hz
cucrgctic i{m composilimu  X() kcV-  15 McV/n
nculral Id Ium atoms

Solar wind J>hisma SWOOPS

SWICSSolar wind ion
mmposilion

Radio and plasma
Waves

lJRAP

bhxgclic palliclcs
and interstellar
nculral  gas

kiPAC/CiAS 1;. Kcpplcr, MPAc, Lindau (D)

I ,ow-energy ions
and clcclrons

}11-SCA1.E

COSPIN

I..J. l,arwcro[[i, Al’&l’  Ilcll
1.ahs.,  Ncw Jersey (USA)

J.A. Siuqxou, Uuiv. of
Chicago  (USA)

cucrgclic i( m: 50 kcV -5 MLV
cncrgclic clcclrons: 30-300 kcV

cosmic rays and cncrgc[ic  p:tt licks
ions: 0.3-6~)()  h4cV/n
electrons: 4 -2fX)0  McV

solar flare X-rays and cosmic  gamma-ray

bursts: 1S-150 kcV

(’osmic rays and
solar parliclcs

Solar X-I-~iys  and
cosmic g:innna-ray
trurs[s

GRR K. 1 lur]cy, l_JC Bcrkclcy  (USA)
M. Sonmcr, MIT], Garcbing
(1))

E. Griin, MPK, }Icidclbcrg (D) drrsl parliclcs: 10-]610 10-7gCosmic dusl DUST

scJl

G WE

Rsrdio  Scieocc

Coronal sounding M.K. Bird, Univ. of Bonn (D) dcnsi(y, vcloci[y aud [urbulc[wc  spcc[ra in tbc
solar com Ia and sohir wind

Ikrpp]cr  sllif[s  iu S/C radio signal duc 10
Sravila(io[l;d waves

G1-avilalional
Waves

B. Bcrlo(li, Univ. of Pavia (1)

lrl{{’rclisci})  lil)ary
Sludics ,

I)it-cclional
disconlinuilics

M. Schulz,, 1 mckbccd P:IIO  Al lo
~CS. 1 ah. (LISA)

G. Noci,  LJniv.  of Florcncc (1)hfass loss and ion
composition
Solar wind
Ou(llow

A. Barucs,  Ames Rcs. Center
(LISA)

J.C. Brandt, llniv. of Colorado
(USA)

Colncls

Cosmic rays J.R. Jokipii,  lJniv. of Arizoaa
(LJSA)

shocks C.P. SoncII,  [Jniv. of Arizona
(USA)

.—— —
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NORTH POLAR PASS
MID-1995

—.

-— —-.0———~ ‘-”

‘ — O R B I T  O F  J U P I T E R

JUPITER
ENCOUNTER

FEBRUARY 1992

S OU T H  P OL AR  P A S S

JUNE-NOVEMIIER  1994 100 DAYS
.— .——..

I’llli U1.YSSIX  lW1,AR l)ASSliS

l`tlclllysscs IJ()l:tr ]lasscs:~rc  (lcfitlc(l tc)l>clll()sc  ]>cric)(ls (luring  v'llicll lllcsp:icccfiifl isabovc7(Phclio-
graphic Ialitudc ill cill~crllclllisl~llcrc. “1’hcmissirm was designed Iomaximisc  lllc Iolal duration of (IIC
polar passes, with a mi]limum  r’cquircmctll of 150 days. III facl, (I)c  actual ]Ilission  pcrformalm  is signifi-
cantly bcllcrlll;i[l  tl]is and IIlc spacccrlifl will spcml a total of 234 d:iys almvc 70(’. I’hc firsl polar pass
will  takcplacc  intl~c soulhcro Ilcmisplkrc, :icomcqucnccof Jupilcr’s  posilion wilh rcspccl IO(I1C solar
Cqoatoral the lime of (]IC fly-by. starling  26 June 1994,  t-]]ysscs  wil] spcilci ]32 days at stmIlhcnlhclio-
gr:ipllic  latill](ics  grcatcr lll:ill 7()(', rcaclli]]g:{  lllaxilllulll l:ilitll(lc () f8().2(' illl]li(l-SclJtc] ]lbcr.  l'llcfirst ~)-
]ar pass will c]ldo]]5  Novcmhcr  1994. Inconlrast  totl]cil~i[i:il clil]~l~frol]l  lowtol~iglll:tli  t~lcics,wllicll
took more IIMI) 2 years and covcrcd a rwlgc of I adial distmccs  (5.4 to 2.3 AU), tllc soulb pole-m-cqua[or
scgmcII[ ~ftl)ctri~jcc(ory iscomplc(cd  in only 6nmntlIs  aod at a l~~orcc  ol]s[al]tIl clioccll~ric” radius. ‘1’hc
sccmd  (]l(Jrlllcrll)  l>ol;irl  >asst:ikcsl>l:icc almml cxtic[lyol)c ycaratlcrtbc firsl,  and is sli~lllly shortcrin
clura[iol] (102 d:iys). ‘1’hc eIId of Ihc sccoIKl p:iss, (m 29 Scptcmbcr  1995, nlarks lIK cnd of the prime nlis-
sion,  allhough firm plmlscxis( locoll[inuc [llissi[~tl(jpcrtllicltis  fhI a lull scctmdorhil  (scclalcr  inlhisarli -
clc). ];igurc 1 isascllclll:llic  (~ flllclllysscs lr:ljcctc)ry.  11 slloLlldl>c]]c)tc(ltll:lt  lllcotll-(~f-ccli l>liclrajcctory
cmblcs  asurvcy  Iobc  made of all r~l~l~/jc[icl:itil~](lcs, sincclhc  illclillatio]lof  IIlc Sun’slnagllctic  dipole
axis will] rcspccl 10 its ro[aliott  ilXi S is gcllcrally grcalcrllm 10(’.

RESU1 :1’S 1Roh4 ‘1’llli  IJIW’1’  MllJ-l/A’I’I’I’ll  l>li SUllVIiY ( 15[’ -55” S)

l!~tllis scclio]l,v c]>rcsc]~l  :\sclccli()ll  () ftllcrcs~]lts [Jt~lail~c~l iI~lllc]}cri[)cl  followi]lgJ L]l~il~’rf  ly-byupto
lIIC stall of lhc firs[ polarpass,  with particular emphasis oI~ IIIC mi(i-la[i[udc  rc~ion bctwcc]~  approxi-
n]atcly 15c’ and 55[’S.l’lIis]>cri(J(l  is cllamctcriscd  byagcncral  dcclinc ill sol:irac(ivi[ytll:i[ followed the
l~lorc(lyI~al~~ iccc)]ltli(ic)I lsc[~c()lltltcr~' {ll~ylJlysscs (luril~g its[r:il]sit fr{~ll~l;itil~[ {) Jtt I~i[cri]~ 1991 f25/. As
ii general remark, il is imporlanl I(J rcalisctllal  llIc pol:irpmscsof  thcprim~. missio]i, while providing rrcw
and unique inf(mnalion  conccroins II)C tllrcc-(lil~]cl~sic)]l:il  ]Ia(urc of the hcliospl)crc,  will focus rather
slr~)l]gly  ollpllcllo]]]c[ l:ircl; i(c~l to sol:irlllilli[]]ul[l.  Cc)lllilluitlg ll]c]llissic)ll  forasccolld  so]arorbit,  onlhc
olhcr hand, will enable high-l atiludc nlcasurcmcn(s  to 13c made at solal maximum, leading 10 a more
COlllplCIC piclurc  its discussed lillL’r ill this paper.
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solar  wind  Plasma  aIKJ  }Icliosplwic  Magnc[ic Field

An impm~ant feature of tbc global  siruc(urc of tbc hcliospberc  is tbc ]Ic]iospbcric  curtcn( sbcct (11C3)
(Il:it scpariitcs inlcrpl:incl ary magnclic  field of opposite polarity. I’l)c } l~S is tbc outward projcclicm  of the
Sun’s magnetic cqualor and associa(cd coronal streamer bcl(, :i[ld its for, N is know 10  cbal~gc from being
highly complex al solar maximum to hcing relatively simple at solar ]Ilinimutn.  A kcy parmctcr  is lhc
avcr:igc lilt of the 11(3 wilh rcspccl 10 the Sun’s rotation axis, wbicb in turn is rclalcd 10 the tilt of Ibc
Sun’s magnetic dipo]c axis will] rcspcc( 10 lbc rotalion axis. ‘Ihe currcn[  sheet is klmvn 10 bcccmc flallcr
and more equatorial near solar minimum (e.g. /3/). 11(3 crmsi]lgs  al the Iocalion of Ulysses ccascd in
April-May 1993 al a heliographic liII i(udc of -30(’  south, a co]~scquc]lcc  of tbc spacecraft’s polcward  mo-
Iio]] /4/. ]’rior  10 Ibis, beginning in July 1992, a rccurrcnl bigb-speed sllcan~ wlmsc SOI.IICC was an cqua-
mward  cxlcmion of (1K2 polar coromd bo]c in tbc soutbcrn solar bcmi spl~crc domil  Ialcd ihc solar wind
plasma conditions al Ulysses /5,6/.

I’ABI.E  2 Kcy Iivcms IXrrilIg  Ulysses’ };irst Ilclio:rapl]ic  latitude Scan,

‘1’imc I.aiitudc R (AIJ) obscrvat  ion Reference

early Jul. ’92 13“s

l;itc Apr. ’93 29°S

May ’93 30[’s

la(c Jun. ’93 33.6°s
late Jul./early 36”s
Aug. ’93

c:irly Mar. ’94 55.5 [)s

5.? Jirstol>sCmilliollof rc(llrl~llllligl l-sllcc(l /6/-
S[rCi\lll

4.8 Stcplikc  incrcasc  ill min. SW speed /6/
frtm -420 to 560 km s-1

4.7 IJisa[>[>caral~  ccc~f]~la::llcti( sector /4/
SfrLIC(UIC

4.6 1 .ast forward shock (C I R) /7/

4.4 Gmslan( immersion in SW’ from polar /7/
coronal lmlc

3.4 I.as( rcvcrsc sl]ock ((3R) /10/
-.

kl]]s:] t[):55()  kills-] /6/, [llc]~~itxil]]a  rc;~l;ii]lil~: rcl:ilivcl~' ullcll[tl)gccl: i(kt\vcc])  75() :~]l~!8()() kl~] s-1. A
ful-rhcrjump  in mitlimum speed, 10 approxin]a[cly 700 km s-] ,OCCUrI’Cd  ill Atlgus[ 199:1, :lf[Crw]liCll  lilllC
lbc wind speed prufilc has shown few, if :iny, rccurrcnl fca[urcs.  Wl]L’n nonnaliscd Iolbc same radial
dislancc,  ihcdcnsi(y,  speed, mass flux and ram pressure observed by LIlysscs ovcrtllc  la[ilude range 36°
10 -600S”  were all rad]crconslanl,  implying dial the SPiiCCCIii[(  WiiS  illlmcrscd in pure IIigb-spcccl  wind
Obscrv:ili()lls  C) fllJcl>ll()l()sI>llcric  llliigllctic  ficl(lsall(l  tllcitlfcrrc(lc c)rc)ll:{ll l()lct>()uI](lf  iricsfc)rf  llc~rio(i
corrcspmding  IO dlc Ulysses mcasurcmcn(s  indicate tl)ii[ the corolla dId Im( CVOIVC significantly  during
1993,  illl]>lyillg lll:lltllC s()l:ir w`ill(l fca[urcs sccllal  LJlysscs \vcrc I>rilllilrilylllc  rcsull(~f  tbcspacccraf(’s
increasing soulbcrly  la[i(udc  /7/.

The 1993/94111i[l-l:ili[ u(lcsurvcy l]ashcc]l I>:iflicularly successful  itlrc\calitlg lllclalit[l(lillal cvo1ulionc)f
solar wind s[rcam  intcrac[ion regions /8/. According 10 [bc model of Pi~m and (k)slitlg /1 1/, tbc tilt of dlc
COI’Ollid  slrcamcrbclt  (and tllcllll(lcrlyitlg sol:lr(li[lolc)” with rcspcc[  10 lllc Sun’s rotaliol)al axis causcsa
polcward l~r[)I>agatiollof{llc  reverse shocti associated wi(h a corona::  intcrac[io])  rc~:ion  (CIR) and an
cquatmward propaga[ionof  tbc (3R forward shock il~citl~cr}]cl]~isr>llcrc. Seen from a spacecraft travcl-
lin: soulbward atcotlstalll  [)r(lccrcitsill:  r:i(lilll (Iisl:itlcc,lllislcti(lslo  itgr:idll[il disapl)carancc  of CIR-
rclaleci forward shocks, while rcvcrsc shocks, alth(mgb  bccolning  pn)grcssivcly  weaker, continue to bc

observed. ‘f’his  bcbaviour  bas now been put (m a firm obcrvati(mid  foo[ i Ilg by LJ1 ysscs.  ‘1’I)c  last forward
shock from a ~lR  was rccordcd at 33.6° SOUIJ),  wllilc rcvcrsc shocks bavc pcrsis[cd beyond 45° /7/. It
should also bcnotcd  that rcvcrsc shocks associated witllC1t<scc~]l[illuc  tor)roI)iig:i(c  tot]igt] latihrdcsbc-



I

+.
-. Ulysses at IIigh  l.~litwies (4/S) 297

yond 5 ALJ /12/. I’his  means that a spacccratl at big}] lati[ucic, v.’bilc not observing a rcvcrsc  shock lo-
cally, may ncvcrlhclcss  bc Illagl)CliCidly conncctcd 10 a rcvcrsc slmck cxis(ing al llIC saIIIc latiludc farfhcr
out from tbc Sur]. I’his phcmmcnon  will bc discussed in more dclail in tbc scc[ion dealin[! wilb cncrgctic
parliclc obscrva[ions,

J

Oistance From Sun, astronomical units
5 AU 4.5 AU 4AU 3.5AU 3AU~–- -., . . -------  -. --T ,

Last CIR
F Shock

Last HCS
Crossing

i
-11. 1 1.–1-.1  ..l..J  . 1  -.Jd  1 .L.LL.  I .1 .JJ–.J  I L

17 Feb92 3 Aug 92 19 Jan  93 7 Jul 93 23 Dac 93 10 Jun 94

Date of Observation

1 1 1 1 -J . . . .--l . ..-_l - 1. .1 ..l_. J I 11

10 15 20 25 30 35 40 45 50 556065
South Solar Latitude, degrees

l;ig. 2. Solar wind speed iiS measured by tbc SWOOPS cxpcrinlcnl  011 board [Ilysscs
(from /10/).

while many of [bc solar wil)d s(ruclurcs  observed lit mid-lohif,l] latitudes by  U1ysscs  II:IVC bee]) of tbc
comt sling kind associa{cd  wi[h II]C lon~:-lived high-speed Slrciil])  discussed above, a IIUII Ibcr of coronal
mass ejections (CMlis) II;IVC illso bccll (ic[cc[cd in tbc high-la  (i[udc  so]:ir  wil]d /9/. 1 :ij!ll[ such cvcn(s
were rccordcd bclwccn  31[’ aud 55° SOUIII,  onc of which wits dircc[ly ass )ciatcd wi(ll :i Chlfi cvcllt ob-
scrvd  by IIIC soft X-rily Iclcscopc oll (I)c  YoIAo1l  salclli[c, 11) additi(m 10 I)cing the firsl i~j-.vitu mcasurc-

InCINS  of l)igl)-lii[ilu(lc  CMI{S in tl]c solar wind, tbc Ulysses da(a bavc rcvcalcd atl i]t]porlill)l  feature of
such slruclurcs,  namely il]at tl~ey arc pr~qmgating at tllc same speed a~ lhc a(llbict~l I“ii\l solar wind
plasma. RccalliIlg thal ~Mlis  in [Ilc solar witld in IIIC ecliptic show similar bchaviour,  (ioslillg and co-
workers SUggCSI  /9/ tl)[il all ~MIis arc subject to tbc sii]~)c basic :icCclcriili~)]~  procms its IIW ]Iorlnal solar
wind, regardless of tbc Iali{udc  at which IIlcy lCiiVC Ibc Sutl.

‘f’bc Ulysses Soliir wind ion clmrgc slalc abundance mcasurcmcn(s  call bc used (0 infer tlm clcclron tcm-
pcra(urc in (I1c corolla a( wl~icb I1)C distribution of observed cllargc s[~itcs  for a givcl~ clcII]cm bccomcs
“frox,cn.in” /1 3/. G;ilvill  :u)d co-workers rcporl  IIIC llrs[  such iolli~a(ion  Icmpcraturc  dc[cmliliations  fOr
Oxygen, Silico]l  and iron ions origilm(illg  itl tbc SOLIIII  polar cor~)llal ]mlc /14/. ‘1’bc  infcrrd coronal tcm-
pCriilur’C,  ratlgi]lg  from -1.1 10 1.5 x 1($ K, is lower (lmi~ tha[ 01 tbc nomlal  quic( Sun, al~d II]C mcasurc-
mcn[s  imply all clcclroll  lc]npcraturc  gr;idiclll  over tllc rilngc of flcc~illg-itl altiludcs  wllicb is quilt small.

AI) impor(iil)t qucs(io]l  10 tw addwsscd  by LJlysscs is bow WCII  the l~irgc-s~alc collfigur:tti{)l~ of tbc hclio-
sphcric  lllilgllCliC fiCld at bigll liililUdCS lllillCl)CS  tbc prcdicliom of (IIC II) O(IC1  first proposed by l’arkcr /15/
in which tllc combined Cffccls of Solill” ]~)lati(m  and tbc radial cxpamion of IIlc SOlill’  wind itlto which the
field is “froxc]l”  lcild to IIIC fiimiliitr  Arcllimcdcall spiral pal{crn. Accordin:l to this picture, ]mn-equatorial
field ]incs  will Wliip illl)lllld C(mcs of half-allglc corrcspo]ding 1[1 the cola[i[udc of lbcir foot points at the
SUI1, becoming radial over IIIC poles. l])itial rcsulk  from tbc Ulysses ma:nctomc[cr  cxlkrimcn( indicate
Ib:i[ IIIC iivcfii~c magnetic field cxllibils II)C cxpcc(cd pat(cnl, with the Ii((io of the iizinlu(l]iil to radial
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cotnpontmls  (iccrcasing as sinO whm O is tlIc colaliludc.  1 Iowcvcr, the mid-laliludc  field in tbc southern
hcmispbcrc  is lCSS light Iy wound thm prcdiclcd /16/, ‘rbc orif ’in of this cffccl is ml ycl undcrsloo(i.

A possihlc  modi ficalion 10 Ihc I’arkcr model has been prop<~scd by J( kipii md K6t:! /17/, W}1O suggest
[bat lbc simple radial polar fields rcfcrrcd 10 atmvc would bc signific:ii  111 y modil icd if t I]crc arc t ramvcrsc
pcrlurbaliom prcscn[  ill (hc soi.ircc ficki at the Sun. ‘llcsc iransvcrsc  cmnponcnls, cvcII though small at
the source, will dccrcasc  Icss rapidly will) dis(al~cc than the radial comjmmt and wi 11 irnd 10 dmui[~alc  at
large ( 10s of AIJ) distmccs.  1 f this sboul(i imlccd be the c:isc, il wIIuld  Imvc a prf~l(mml cffccl on the
modulation of cosmic rays, wlmc entry into tbc imcr bcliosphcrc  clclmds  critic;illy (HI lbc configuration
of the polar fickls. Smith and co-workers /18/ rcporl  the cxis(cncc of ! argc-aillplitudc,  loIiR-pcriOd  ( 1 f) to
20 hours) AlfvLI~ waves in tbc Ulysses field mc;isurcmcn[s  associated wi!b stmllml I pol:tr c(mmal bole
flows thal cmild rc.prcscn(  (bc waves discussed in/17/.
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1 51 101 151 201 251 301 351 035 (I85 135 185 235285 335 020 (170 1?0
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l~ig.3.ll~[cl~sity(lf  1.2- 3.[)McV  }>ri)(t~l~s:il~(l  l.()-5.()  hfcV/[~:{l~>l~: i[J:itiiclcs asll~casttrcd
by lhc ~OSI’l  N/f.I+T cxpcrimcnt  on bo:ird (Jlysscs (upper panel), t~)gctltcr will) tbc solar
wind velocity from SWOO1’S  (from /19/).

fincrfwljcj’fijwm

l;[)r:l ]Jcri()(l (Jf:t~l[3rt)xilll:  ilcly~~llc yc;{rsl{irlil]g illc:irly Jllly 199?, lllysscs  cl~r()lilltt>rc( l:irccllrrcl]ll  ligll-
spCcd soliir  wind s{rCilt~~ ;~l]d ;issoci~~(cd c(l[{)(d{ii]~, s[rL~;\]~) illlcliicti(lll  rc:,iotls, :Is discussed above. TbC
f(lrw:~r~l:i!l(l  rcvcrsc  sl~()cks bcJL}l](lil~g ~lKs:irc  kilc~wl] t():iccclcl,~(c  it)lls{Ilh4~:\~ cnc Ig,icsI]c:i  rtt]ccclip-
tic, [iil(l:i kcy()lJjcclivc  of(llc  Lllysscs  ()13scwati[)lls  istfls[il(lylll~  latilkl(lc (lcJ~<:ll~lell(  co flllc3C Cclcr:lti011
process. Given lllc dis:ippcamllcc  of forward shocks ;i( [hc space.wifl :il lilti[U(lC!S polcwiird  of -34{)S aild
Illcgcllcral  wcakcniilg  oflbcrcvcrsc  shocks/7/, it isll~)l  unrc:{soilablc  lo sup[)~sc lh:it lhcintmsily of
accclcralcd  ions will show a rapid (iccrcasc at mid- 10 bi~.i) Ialiludcs, }vill~ II() ICCUI-rCIN  incrcascs  seen
bcyol~(i  lbc Itilitll(lc clflllc  lasl-obscri’c.(1 rcvcrsc shock, lilfiic(,(llcsi(li;ili(~l]  its wvcalc(i bythc lllysscs
d:ila islll[)rcco]l]l~lcx,  wili) rccurrcnl illCICiiSCS  o f -1 hlcV i(Jl]sc()iltiillli[  l~t(ll)c sccll:il  lllcl]igllcsllati-
t li(iCS  rCiiCllCd 10 (UIIC /1 9,20/.

(.lm]pari[lg (k fcalurcs  of in(cmi(y  incrcascs  of --0.5  h4cV iofis:illd -40kcV  clcc(l”c}ils rcc{)rllc{lllytllc
]]]-S~Al .liillslrLiillclll oll~]iysscs, Siillllc(l  all{] CC)-~orkCl~/  2(1/f  ill(i Ihal at l:ililll[ics:itx) vc-~()(’s,  lllcrc
is ii p r o g r e s s i v e  dcl:iy bctwcc]l lhc tiinc of maximuln i[m ii}tcmity  aid Imkinlum CiCCtrO[l inlmsity.
Wbilc [be ion incrcascsicn{i tobc lc]]~]>or:illy; ~ss(~ci;~tctl witl~tllc rcvclscsllock  ;tl](ll~:ivcl~~axiil~u[ll in-
tcmilics  Ibal (iccrcasc  with iatiludc, tllc electron cvcl Ils oflctl ])CX as IIludl as SCVCrill d:iys aficr Ihc paS-
sagc of Ihc rcvcrsc shock wi[b intcnsily m:ixiina tlutt iirC roilgbly li(lilLl(iC-i~lLICl>Cll(lClll.  ‘1’llCSC a u t h o r s
suggest (ilat botil populations arc :iccclcralcci :il Ihc rcvcrsc sliock, the diffcrcncc  in liming arising from
ti~c fac( tbat, incontrasl  tolbc i(j]ls,tllcclcclrolls  arc accclcralcd  Ilc)I1-lc)c;illy/20/. Scvcr:il days aflcrlbc
~lI{llaS  pllsSCCi LJlysSCs, tllCsp[iCCcraft islll:igllcliciilly cotlllcctc(it [)lllcrcvclsc silockal  amcbiargcr
r:idius  wllcrcll]c  sl]ocks  lrcllg(lli sl]igllcr.  Sincc(hc iiCCCICr;llCLI  CICClroll\t  H(vCl Illticllfaslcrll]a]ltllc
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shock, (hey arc not confined to the CIR and propagate back in toward the Sun where they undergo n]ag-
nc(ic mirroring. in this way, the clcclrolus are able to have multiple shock cncountcrs,  tllcrcby incrcasin~
the acceleration efficiency.

c~mi.c.  Rays

The idea that galactic cosmic rays arrive relatively unimpeded over the poles is an intriguing cmccpt  Ihat
has been debated fbr many years. I’o tcs( [his idea directly is onc of the kcy objcc(ivcs  of the Ulysses
mission. in addition 10 lhc almost scaltcr-free propagation alo]lg the sul Iposcd  near-radi{tl, weak polar
magnclic fickl tba( forms the basis for (his idea, par[iclc drif[ motion is also favourablc  IO II)C transporl  of
positively cbargcd cosmic rays from the poles to Ihc hcliosphcric  current SIICCI in the currell[  phase of the
solar magnclic cycle. The cxpcclalion,  lllcrcfor’c,  was that Ulysses would f]nd a sigl]ificanl positive latitu-
dinal gmdicnt. A major suqwisc from the data obtained 10 ciatc is that [his gradicll(  appears 10 bc abscnl,
at I Cast down to -60i’ soulh /21/. Mcasurcmcn[s  al even higher lat it udcs, t{) be oblaincd during lhc polar*
passes, will provide a dcfinilivc  answer. The lack of a la[itodin:il  gradicn[, if confirnlcd,  tnay not ncccs-
saril y imply a failure of the basic theory of cmnic ray t ramport.  Ralhcr,  it may poitlt to an inadequacy in
our quantilalivc knowledge of lhc paralnctcrs  cnt cring (I1c cquat ions. 3’I]c dclailcd physics Clllcring into.
the sJ>ccifica[iol~ of tl~c spatial diffusion tensor, in particular, requires bcttc] undcrslanditlg  /22/.

Ano[hcr feature of the cosmic ray da{a thal was not cxpcctcd is Ihc pcrhi stc~]cc  of a “27-day” periodic
modulation even after Ihc spacecraft moved polcward of Ihc maximum la{ i(udc al which C:lR-like s[ruc-
turc was observed loc:illy in the solar’ wind /23,24/. As in the case of the cncrgc{ic  Jxirticlcs,  Ihc hi.@-
lali[udc field lines along which Ihc cosmic roys reach Ulysses must cont~cct 10 the {XRS responsible for
tllc modulatiol~  fa~ll]cr ou[ in the hc]iospl]crc, where the latitudinal cxtcnl of lhc corotalitl:  s[ructurc has
il~crcascd. McKihlwn and co-workers SIIOW  that the modulation a[ Ulyssc\ is in phase with similar vari-
ations seen al lMI’-8  at 1 AIJ, poin[ing  to the globdl nature of the modulalitlg region /23/.

UI.YSS};S Al’ SO1.AR MAXIM~JM

‘1’llc  pllcnomcna  being studied by the Ulysses mission arc strongly il]fJuctlLcd by tl]c 11 -yc:ir  solar activ-
ity cycle. l’hc primary mission, defined to cnd ill Scptcmbcr  1995,  cxtc]ltls  over about hzilf of the solar
cycle. Since Ihc orbilal period of Ihc sun-ccntcrcd,  out-of-ecliptic orbit is 6.2 ycats, contitluing  the mis-

sion for another mbit makes covcrfigc  of the second half of a cycle pt)ssib]c.  ‘1’llc Jx)lar passes during the
prime mission occur during the dcscctlding  phase of the solar cycle, CIOSC  to soliir n)ininlum.  l’hc polar

passes during Il)c second orbit, on tl~c olhcr lm]d, will (akc place in 20(K)  aINl 2001”, close to solar maxi-
mum (SCC Table 3).

l’hc period beyond 199S will bc of particular it])por[iillcc,  sillcc IIIC Ulysses missit)l~, tbct] a( high solar
Iatiludc, will form an impollal~( complement to I;SA’S  SO11O a]d NASA’s WINIJ missiotls, SO1iO  will
carry all cxtcllsivc  complcmclll  of Solitr cxpcrin]cllls dcdicatcd t[) sludying the sun’s co]ona  at]d the solar
wind. WIND will provide continuous n~oni[oril)g  of the hcliospl]cric magrlc[ic  l;cld, waves and particles
in tl~c ecliptic plane at 1 All.

●

I;ollowing the north polar pass in 1995,  Ulysses will dcsccncI in latitude towards the orbit  of Jupiter
(:tphclion in 1998, scc I’able 3). The oulbound Icg of the {r:tjcc(ory  pnwidrs  :in opportunity to survey the
Ialitudc rmlgc bet wccn 70(” al)d [)[’  at solar dist anccs bc(wccn 2.2 a]~d 5.4 AtJ for ii scc(md tilnc. in con-
trast to the first (1992-1994) inbould  ascet~t in Iil(i[udc, the ou[txmnd  c/c,w{/I/  in latitude (1 9961998) will
occur at solar minimum conditions or in the early rising phase of the next ml; tr cycle. ‘1’hc  spacecraft will
SI)CIK1  a relatively long time nc:ir  iipl]c.lie]] whcl~ both I1lC solar Iatiludc  atId  radial  dis[ancc  arc chan@n~

slowly. I:rom June 1997 to June 1998, Ulysses will be within f 1 ()[’ of 111(’  solar cquat(~r. and from May
1997 to April 1999 :il heliocentric distances grciiicr than 5 AU. ‘1’llis ill[c]-,al will [mwidc  al) opportunity
to study  time v:irialions free of col)ccm about sj)atial variations.
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TABLE 3 Mission Summary For Ulysses’ Second Solar Orbit

‘.

—-—.  —
Event Year Mon Day

Aphelion (5.4 AU) 1998 04 17 “

%d Polar Pass (S)

start 2000 09 ox

max .  laliludc (80.2°) 2000 11 27

Cmt 2001 01 16

Perihelion (1.3 All) 2001 05 26

4th Polar Pass (N)

SlilJl 2001 09 03

max. latitude (80.2°) 2001 10 13

cnd of mission 2001 12 12
-—. —-—

Scientific Goals of tbc lllysscs  Mi~m During Ihc Period 1995 E21XU

During solar maximum, the conditions cncoun[crcd by U] ysscs arc cxpcctcd to bc rlrm laticall y different.
especially in the polar regions, from lhosc during the prime mission. ‘1 ‘hc polar c:ip ma.gnct  ic fields will
bc in the process of vanishing :in(i II ICn reversing polari~ y. Pulcward-d  rifling  ut~ii>olar ]nagnct ic regions
will have the opposite polarity anti wiii tcn(i to rc(iucc rather  than cnl Iancc ti~c polar ficids. The HCS,
which i~as a low inclination at solar minimum, wiil bc highly inclined al]d may consist of mul(ipic sheets.

Ti~is complex and dynamic field topology wiii have importan[  colwcqurnccs  fw ti)c soiar wit~d, solar cn-
crgclic parliclcs and cosmic rays, It will pose basic qucs[ions 10 bc answered:

Where do the hcliosphcric magnclic fields an(i solar win(i originate? AIC the lar.gc-scale properties of the

solar wind, particularly lbc spcc(i and dcmity, s[ili corrclatcci with distance to IIIC  curlclM shccl? What
wili bc the mafyc[ic  [opo]ogy  of CMES cncountcrcd  at high latitude? ‘1 ilc solar win[i, i}cit]g CIOSCI y cou -
plc(i to coronal magllclic  ficl(is,  is also cxpcclcd 10 uncicrgo cirast ic chal Igcs. CM tis arc cxi>cctcd to don~i-
nalc corotating slrucmrc  even al high latitu(ics. Will the flow from lilt polar caps bc cc)rrcs[Jc)ll(lillgly ir-
regular? Wili shocks bc prcscnl?  Will higil spcc(i slrcams  stili origina(c from colfuml  holes?

Galaclic cosmic rays wili bc slro])gl  y nmiulat  cd. lIOW wiii ti~cir propct i ics (e.g. iutcllsi I y) (ii ffcr from the
poles 10 lhc cqualor?  Will it bc possible to dctcrminc  tllc rclat ivc impor[ancc  of drifls al id merged in(crac-
tion rcgiolls in lhc mo(iulation process? WiM role dots lhc 1 iCY3  (or sheets) piay? CaI~ tl~c anomalous
cosmic ray component pcnct rate into the polar regions? At lower cncI gics, the propel tics of soiar cncr-
gctic particics will probably k very different. Tbc incrcascd solar’ acti\rily wili c]]surc a Iargc number of
flares, including some that arc very inlcnsc. Will par(iclcs accclcra(cd in flares or CME shocks bc dc-
tcc(cd al high lat it u(ics? Wili cvi(icl]cc for local accclcrat  ion at t ransic] It shocks bc foul](i i[~ Ihc polar rc-
giom?

Ti]c above list of topics is clearly not cxilaustivc. Ncvcrthclcss,  it cicmonstralcs thal cmltinuation  of Uiys-
scs for ii second solar orbit Cffcclivcly  constilulcs  a IICW  Jllission  Wilh  ulliquc  scicn[itic  $,0;{]S  that Wil]  Jlot

bc addressed by any other mission in the forcsccablc  future. I:urfhcnnot  c, tile inhcrc[lt  possibility of con~-
paring of the polar hc]iosphcrc  al solar minimum and solar maximum using the .wnlc srl oj  instruments is
an ad(icd bonus of consi[icr:iblc vahrc.

b
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